The acceleration of urbanization has resulted in the increase of urban surface runoff. Bio-swale is a promising stormwater control measure that has been proven to be hydrologically effective on urban surface runoff. Column studies were conducted to determine the optimal bio-swale composition. Results demonstrated that water reduction was proportional to inflow decrease. Columns that planted border privet and Ophiopogon japonicus showed a larger water quantity reduction compared with that of planted boxwood and ryegrass, glossy privet and Chlorophytum comosum 'Variegatum' in vegetation tests, which was the same as the order of measured transpiration capacity of the plants. Water reduction rate increases dramatically with decreasing planting soil thickness. By contrast, no significant change occurs once the thickness of the artificial filler layer is altered. The bio-swale column with a high-infiltration rate artificial filler produced a good hydrological control effect. Sand was found to be the optimal media among the selected media compositions. Although the inclusion of an additional ponding depth affected total water reduction, it produced a stable outflow. SPSS software was used to assess the relationship between water reduction rate and its influence. On the one hand, water reduction rate increased linearly with increasing water inflow, soil thickness, and ponding depth. On the other, water reduction rate grew linearly with increasing plant factor and artificial filler infiltration rate. The multiple linear regression model revealing the relationship between the water reduction effect, and its influencing factors were obtained via the stepwise regression method in the SPSS software.
Introduction
The urban impermeable area ratio grows with rapid urbanization. The construction of rooftops, paved roadways, and parking lots greatly modifies the hydrological characteristics of rainfall runoff from the corresponding land area. Consequently, urban surface runoff has worsened, and hydrological balance is compromised. Today, urban stormwater runoff is widely recognized as a primary driver of environmental degradation in urban watersheds [1] .
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Bio-Swale Column Experiments and Simulation of Hydrologic Impacts on Urban Road Stormwater Runoff
Jiake Li 1 Low impact development (LID) is an alternative stormwater management approach that could effectively sustain the natural flow regime [2] [3] [4] . The goal of this approach is to manage site design and construction so that the hydrology and water quality of a developed site is approximately the same as that of the initial undeveloped land. The LID approach minimizes grading, disconnects impervious areas, preserves the existing landscape and topography, increases flow lengths, and lengthens the concentration time for stormwater runoff [5] .
Bioretention/bio-swale has been proven to be a stormwater control measure of LID that can successfully manage flows and volume [6] [7] [8] . To date, bioretention facilities have demonstrated good hydrological performance. Hunt et al. [9] found that all outflow volumes were less than 50% of the inflow volumes at three bioretention field sites in North Carolina (USA) over the course of one year. Heasom et al. [10] noted the absence of surface water discharge below a particular baseline event. In another study, Hunt et al. [11] showed that a peak reduction of 96% was observed in storm events producing less than 4 cm of rainfall. Davis et al. [12] noted that 18% of 49 rainfall events were entirely captured by bioretention facilities . In addition, flow peaks were reduced by 44-63% and were delayed significantly, usually by a factor of two or more. Li et al. [13] investigated hydrological performance at six bioretention cells in Maryland (USA) and found that bioretention can mitigate the post development hydrology caused by impervious surfaces. In addition, they demonstrated that bioretention exhibits excellent hydrological performance for small rain events, but its performance deteriorates under more extreme precipitation events. Davis et al. [14] defined the bioretention abstraction volume (BAV) as the storage volume for a bioretention cell that will fill before underdrain or overflow discharge occurs.
The BAV was validated by field data from mid-Atlantic bioretention sites. In addition, the volume of removal can be predicted. Thus, it can serve as a quantitative design tool for bioretention in urban stormwater management.
A research overview and summation by Hunt et al. [15] established design guidelines that target specific hydrological and water-quality goals by adjusting bioretention design parameters such as bowl volume, media composition, media depth, underdrainage configuration, and vegetation type. Olszewski and Davis [16] noted that the bioretention facility in the Silver Spring outflow depends on media saturation and ponding depth, in contrast to the cell inflow, which directly responds to rainfall and rainfall intensity. This indirect relationship with rainfall makes outflow rates significantly smaller and more constant than inflow rates.
Additionally, a lot of column experiments about bioretention have been carried out. Barrett et al. [17] conducted a nine-month column study using synthetic stormwater to compare the pollutant removal effectiveness of biofiltration systems containing different media and plant species. O'Neill and Davis [18] utilized two large gravitydriven vegetated columns to investigate the water treatment residual as a bioretention amendment for phosphorus. Batch and minicolumn studies were employed to study the use of aluminum-based water treatment residual (WTR) as a bioretention soil media (BSM) amendment. Moreover, a 5% water treatment residual and 3% triple-shredded hardwood bark mulchamended loamy sand BSM was investigated in a largescale column to determine the media P adsorption performance under varying hydrological and pollutant concentration conditions [19] . Twenty biofilter columns were monitored over a 12-month period of dosing with semisynthetic stormwater to investigate the role of filter media, vegetation, and a saturated zone (SZ) in achieving co-optimized nitrogen and phosphorus removal in biofilters [20] . Paus et al. [21] investigated the effects of compost volume fraction on bioretention media hydraulic conductivity, toxic metal capture, and phosphorus (P) release based on the batch and column experiments. Besides, another column experiment research by Paus et al. [22] suggested that bioretention is likely to be effective for metals capture and retention under cold climate conditions, especially when that media contains at least 30% compost by volume.
A large-scale stormwater biofilter column study was conducted by Feng et al. [23] to evaluate the impact of design configurations and operating conditions, such as vegetation selection, filter media type, filter media depth, inflow volume, and inflow pollutant concentrations, on metal removal for stormwater harvesting and protection of aquatic ecosystems. In another study, Lim et al. [24] recommended using potting soil as the principal media mixed with compost or sludge by comparing the heavy metal removal potential (Cu, Zn, Cd, Pb) of five materialsbased (potting soil, compost, coconut coir, sludge, and a commercial mix) laboratory column experiments. Small column tests by Guo et al. [25] were conducted on various soil mixes as a rapid evaluation tool for the optimum engineered soil mix, considering its ability to support healthy plant/tree growth, cost-effectiveness, availability in local markets, hydraulic conductivity, and its ease of preparation by local landscape contractors.
Intensive column research has assisted in determining the impacts of design configurations and operating conditions on pollutant removal, and resulting in a lack of understanding as to the relationship between hydrological performance and its influencing factors of bio-swales. This paper aims to identify the main factors that affect bio-swale hydrological performance and to maximize their relationship. Six groups of bio-swale columns with different longitudinal structures were designed and constructed in an outdoor experiment field in Xi'an University of Technology. Under different conditions of inflow, vegetation type, media thickness, artificial media composition, and ponding depth, the hydrological performances of bio-swale columns on urban surface runoff were analyzed based on the measured experiment data. In addition, SPSS software was used to analyze the statistical relationship between water quantity reductions and those factors.
Materials and Methods
Experimental System
Thirty bio-swale columns were constructed and divided into six groups. Each bio-swale column was constructed with PVC pipes with inner diameter of 400 mm and cylinder thickness of 6 mm. The aquifer layer was set to 150 mm. The medium was filled with 50 mm of mulch, 300 mm of planting soil, 400 mm of artificial filler, and 150 mm of gravel from top to bottom. Sand, planting soil, slag, a 5:1 mixture of sand and coal ash, and 1:1 mixture of sand and slag were sequentially selected as artificial filler from No. 1 to No. 5 in groups A, B, E, and F. Slag was set as the artificial filler in groups C and D to compare the hydrological performance within these groups. The plane arrangement of the experimental field and the sectional schematic of the bio-swale column are respectively shown in Figs 1, 2.
Group A (without plants) was set as the control group to find the effect of bio-swale plants on urban runoff by being compared with other vegetation groups. Group B (in which five different media compositions were separately filled) was set to study the effect of artificial media composition on hydrological control. Boxwood and ryegrass (BR) were planted in Group B, border privet and Ophiopogon japonicas (BO) were planted in group E, and glossy privet and Chlorophytum comosum 'Variegatum' (GC) were planted in group F. By comparing the hydrological performance of groups B, E, and F, the differences regarding the effects of vegetation conditions on retaining urban runoff can be determined. In group C, the filler layer thicknesses were adjusted to maximize its influence on retaining moisture. Different ponding depths were set in group D to study its impact on bio-swale hydrological performance. The design of the column experiment device is presented in Table 1 .
Testing Program
To identify the main factors that affect bio-swale hydrological performance and to maximize their relationship, different setups were designed with varying inflow, vegetation conditions, media thickness, media composition, and ponding depth; the corresponding column studies were then implemented accordingly.
Running water was used in inflow distribution, and the distribution progress was controlled by manually regulating the opening degree of the drainage valve. The flux of overflow and outflow was recorded once every 6 min. Three times parallel experiments of large, medium, and small magnitudes of runoff process were conducted for a total of nine single-factor tests, and every single-factor test covers all columns. For quantitative analysis of bioswale column hydrological performance, water reduction rate and effluent rate were chosen as the evaluation indices of water reduction. The calculated formula is:
… where R v is the water reduction rate, R out is the effluent rate, V in is inflow (m 3 ), V out is outflow, and V over is overflow.
Influent Flow
To highlight the effects of different inflows on reducing urban runoff volume in the bio-swale system, three different kinds of magnitude rainfall (large, medium, and small) were designed according to the rainfall intensity, where the designed return periods were 5, 2, and 0.5 years, respectively. The Chicago rainfall pattern was chosen as the design pattern. Rainfall duration was 120 min with a 6 min time step, and the relative position of the rainfall peak was 0.4. The remaining parameters were determined based on the Xi'an storm intensity formula proposed by Lu [26] . The calculated rainfall amounts were 13.41, 27.92, and 37.51 mm.
Given the bio-swale design method and the need for the column experiments to generate overflow, 8.408 m 2 was selected as the corresponding confluence area of each column. Table 2 shows the calculated results of water inflow volume in the column experiment using the following formula [27] : (3) …where A d is the corresponding confluence area, m 2 , H is the rainfall amount and φ is urban road runoff coefficient, 0.9. 
Vegetation Conditions
Bio-swale plants play a crucial role in urban runoff reduction. Plant surfaces can retain rainwater and evaporate moisture retained in the soil through transpiration. In consideration of water resistance and environmental adaptability, three plant combinations were chosen: boxwood and ryegrass (BR, group B), border privet and Ophiopogon japonicas (BO, group E), and glossy privet and Chlorophytum comosum 'Variegatum' (GC, group F).
Given that transpiration intensity is the main factor of bio-swale plants that affects the reduction of urban runoff, it was taken as the plant factor of different vegetation conditions in the subsequent experiment analysis. To measure the transpiration intensity of selected vegetation combinations, three kinds of plant combinations (including herbs and shrubs) were separately placed in sealed sample bottles and added with equal amounts of water. After 24 hours, the measured drawdown (H 1 -H 2 ) was 0.10 cm in group B (BR), the water level dropped by 0.25 cm in group E (BO), and the measured drawdown (H 1 -H 2 ) was 0.15 cm in group F (GC).
Media Thickness
To study the effect of different media thickness on urban runoff reduction in bio-swale, two scenarios were designed according to the variation in media thickness. In scenario 1, the total media thickness, which consists of the planting soil layer and the artificial filler layer, is varied as a result of the artificial filler layer thickness, whereas the planting soil thickness layer and other vertical structures were kept the same. Taking columns C1, B3, C2, and C3 as examples, of which the thicknesses of the artificial filler (slag) layer were respectively 300, 400, 500, and 600 mm, the longitudinal structures of the bio-swale column above were kept the same except for the thickness of the artificial filler. In scenario 2, the artificial filler layer thickness and the planting soil thickness layer are varied at the same time, whereas the total media thickness was kept the same. Taking columns B3, C4, and C5 as examples, of which the total media thicknesses were all set to 700 mm, the thickness of the artificial filler (slag) layer were, respectively, 400, 500, and 600 mm, whereas the thicknesses of the planting soil were correspondingly 300, 200, and 100 mm. 2) so that the effects of different artificial fillers on retaining urban runoff in bio-swale can be determined. The sand was collected from the Wei River, and the soil was gathered from the planting topsoil around the school. The slag was provided by the Chang'an steel mills in Shaanxi province, China, and fly ash was composed of burned residual solids from the Baqiao power plant. The selected particles in the experiment column were screened before filling. Coarse gravel and slag were sieved in the ranges of 1.5-3 cm and 0.3-1.5 cm, whereas sand was sieved at less than 0.3 cm.
In this study, the infiltration rate was taken as the media factor of artificial filler composition in the subsequent experiment analysis. Initial experiments were conducted to measure the infiltration rate of various artificial fillers. 
Ponding Depth
Four different ponding depths were designed to study the effects of bio-swale with different ponding depths on saving urban runoff. The ponding depths of the bio-swale column in group D were set to 0 (D1), 500 (D2), 500 (D3), 400 (D4), and 300 mm (D5); other vertical structures were kept the same.
Results and discussion
Inflow Effects
Taking B5 as an example, in which BR was planted and the artificial filler layer was filled with 400 mm mixture of sand and slag, the runoff reduction of the biological filter was analyzed under different influent flows. The water flow of experiment column B5 under the conditions of small, medium, and large influent flow is shown in Fig. 3 . As shown in Fig. 3 , column B5 performs well both in outflow peak reduction and rainwater retention. The outflow situations of B5 were similar under different conditions of influent flow. The outflow grew quickly in the initial stages, then gradually stabilized, and eventually maintained a stable state. The reason is that the next media layer will reach saturation in the media layer only when the upper media layer becomes saturated. The bottom of the media layer gradually became saturated along with the rainfall, and the water head of the aquifer remained at a stable level at the same time. Thus, the outflow in the later period was more stable.
Under the conditions of medium and large influent flows, B5 began to overflow, but no overflow occurred at small inflow. The waveform diagram of overflow was similar to that of influent flow. During the rainfall, the aquifer water level increased as the inflow amount increased. Once the aquifer layer reaches saturation, overflow will occur. The overflow will increase with the inflow until maximum inflow occurs. Then the overflow was gradually reduced with the decrease in inflow. Meanwhile, the infiltration, rather than the inflow, gradually took over the dominant position. At the end of the rainfall, the overflow stopped when the influent flow was close to zero.
Under three different inflow conditions (low, medium, and large), the effluent rates of B5 were, respectively, 61.82%, 41.83%, and 38.53%, whereas the water reduction rates were 100%, 70.31%, and 58.27% (Fig. 3-d) ; the significant difference was shown by t-distribution tests. Water reduction rate decreases as inflow increases. The reason is that retaining rainwater in the bio-swale system mainly relies on the infiltration rate of the planting soil and filler. When inflow increases, bio-swale infiltration ability will not vary with influent flow. In conclusion, the maximum water flow storage and stagnation capacity of a bio-swales system were limited, and when the influent flow exceeded the capacity, overflow would occur and thus lose the ability to continue retaining rainwater. Therefore, overflow will gradually increase with the increase in influent water.
Vegetation Condition Effects
Taking columns B5, E5, and F5 as examples, in which vegetation was respectively BR, BO, and GC, their water reductions were analyzed by comparing them with that of column A5 without plants under the condition of medium influent flow (Fig. 4) . The vertical structures of the experiment column above are consistent, except for the vegetation condition.
Given that the vertical structures of columns A5, B5, E5, and F5 were consistent, the order of the water reduction rate in the bio-swale column above with different vegetation conditions was as follows: E5 (76.67%) > B5 (70.31%) > F5 (62.67%) > A5 (52.28%), and a significant difference was shown using t-distribution test. Fig. 4 shows that the effect of different vegetation conditions on water reduction was characterized by the following order: BO > BR > GC > no plant; this order is consistent with the results of a previous plant factor test. The transpiration intensity of BO was larger, followed by the combination of BR, whereas the transpiration of GC was relatively weak. This probably depends on the transpiration of the plant combination. In bio-swales systems, the effects of plants on retaining water were not exerted by directly affecting the stagnation ability during operation. Plants absorbed moisture in the soil by transpiration during drought periods, thereby reducing the soil moisture content and playing an indirect role in increasing the retain capacity. Therefore, the stronger transpiration ability that plants have, the better water reduction the bio-swales would perform.
Media Thickness Effects 1) Different total media thickness (scenario 1)
Under the condition of medium influent flow, the hydrological performance of columns C1, B3, C2, and C3, which had different thicknesses of the artificial filler (scenario 1), was comprehensively compared (Fig. 5) . The longitudinal structures of the bio-swale column above were set to be the same except for the thickness of artificial filler. Fig. 5 shows that the control effects of columns C1, B3, C2, and C3 were substantially close, such that other vertical structures were consistent under the same inflow conditions. Water reduction rate was almost the same at 83.52%, 83.09%, 82.67%, and 82.95%, and only slight differences were shown by the t-distribution test. Overall, under the preconditions that planting soil layer thickness were certain, the thickness of the artificial filler layer showed a slight effect on urban runoff reduction in bioswale.
2) Different planting soil thickness (scenario 2)
Under the conditions of medium influent flow, the water reduction of bio-swale columns B3, C4, and C5, which had different planting soil layer thicknesses and the same total media thickness, was comprehensively compared. Fig. 6 shows that water reduction rate and the effluent rate increased as the thickness of the planting soil decreased, and a significant difference was shown by the t-distribution test. This was on the account that planting soil infiltration rate was almost the lowest (slightly higher than that of the filler mixed with fly ash) as compared to the average infiltration rate of the artificial filler layer or the fine gravel layer. Therefore, the planting soil thicknesses would directly affect the infiltration in the entire bio-swales system. When the bio-swales system reaches saturated infiltration, overflow will occur, and water reduction will decrease as soil thickness increases. In bio-swales systems, soil thickness is one of the most important factors affecting water reduction.
Artificial Media Composition Effects
Under the conditions of medium influent flow, the reduction of B1, B2, B3, B4, and B5, which were filled with different artificial media compositions, was comprehensively compared.
The order of water reduction rate in bio-swale column above was B1 (100%) > B3 (82.09%) > B5 (70.31%) > B2 (48.12%) > B4 (45.12%), and significant difference was shown by the t-distribution test (Fig. 7) . The order of the effect on the reduction rate with different artificial media compositions was sand > slag > mixture of sand and slag > planting soil > mixture of coal ash and sand. This order is consistent with the order of artificial filler infiltration rate. The reason is that different artificial media compositions performed at different infiltration rates. Only when the upper media layer becomes saturated will the next media layer reach saturation in the media layer. Owing to the large difference among the average infiltration rates of fillers, bio-swales would show a greater diversification in water reduction. Under the condition that the infiltration rate of the artificial filler was exponentially greater than that of planting soil, bio-swales would show high water reduction, and overflow would occur until the soil layer became saturated. In case the infiltration rate of the artificial filler was close to or even below the soil infiltration rate, the overflow was supposed to consider media thickness. Therefore, the water reductions will increase with the increase in media infiltration rate.
As a result, the bio-swale column with high-infiltration rate artificial filler produced better hydrological control effect, and sand was proven to be the optimal media among the selected media compositions.
Ponding Depth Effects
Taking columns D1, D3, D4, and D5 as examples, which had different ponding depths, the longitudinal structures of the bio-swale columns above were set to be the same. The water reduction of experiment columns D1, D3, D4, and D5 under medium inflow conditions is shown in Fig. 8 . Fig. 8 shows that under the conditions of medium influent flow, the order of water reduction rate in columns D1, D3, D4, and D5, which had different ponding depths, was D1 (70.61%) > D5 (64.97%) > D4 (61.26%) > D3 (59.25%), and significant difference was shown by the t-distribution test. Results showed that the reduction rate decreased as the ponding depth increased. The reason is that setting anaerobic ponding depth at the bottom performed some impact on retaining inflow in the bioswale system. Cleaned rain water, which should infiltrate or discharge through the perforated collection tube, could not be discharged in a timely manner. As a result, the infiltration rates of layer and gravel layer would change, thereby affecting the soil saturation state and making it advanced. Thus, with the increase in ponding depth, water reduction will gradually decrease.
Simulation with Stepwise Regression Model
Curve Analysis
Bio-swales were proven to produce various water reductions under different conditions such as inflow, vegetation, media composition, soil thickness, and ponding depth. Previous column studies have posited that bio-swales would show better water reduction when planted with strong transpiration intensity vegetation and filled with high-permeability artificial fillers with lower planting soil thickness and without ponding depth at the bottom under smaller inflow. To obtain the relationship between water reduction and its influencing factors, the corresponding correlation analysis should be implemented. Using SPSS software, linear analysis was conducted on the relationship between water reduction rate and influence factors, such as the influent flow, vegetation condition, planting soil thickness, artificial filler compositions, and ponding depth.
To find the relationship between the inflow and water reduction, and ensure that the relationship curve analysis was more accurate, multi-group column analyses were implemented. Results show that water reduction rate and influent flow had a strong linear and decreasing relationship (Table 3) .
During correlation analysis, the selected columns should consider excluding the effect of other factors on vegetation conditions. Thus, the water reduction in groups A, B, E, and F were taken to estimate the relationship; Table 3 . Estimation of inflow and water reduction. the main medium composition was set the same except that different kinds of vegetation were planted. As a result, a strong linear and increasing relationship was shown between the plant factor and water reduction rate (Table.  4) .
As there was a high infiltration rate artificial filler layer under the soil layer, the reduction of whole bio-swales maintained a high level. Bio-swale columns B3, C4, and C5, which had different soil thicknesses under large inflow, were comprehensively compared to implement curve analysis. The calculated curve between different planting soil thicknesses (x) and water reduction (y) was y = -1.582x + 116.613, R 2 = 0.993. As a result, a relatively strong linear and decreasing relationship was shown between the water reduction rate and planting soil thickness.
Taking the bio-swale groups A, B, E, and F as examples, which were filled with different artificial media compositions under the condition of different inflows, curve analysis was performed between media factor and water reduction. Results show that there was a strong linear and increasing relationship between water reduction rate and media factor (Table 5) .
Group D was designed for studying the relationship between ponding depth and water reduction. Columns D1, D3, D4, and D5, which were set with different ponding depths, were chosen to implement curve analysis under the condition of different inflows. Results show that the water reduction rate decreased linearly as ponding depth increased (Table 5) .
Linear Fitting
According to the curve analysis, above, a linear relationship existed between the water reduction rate and its influencing factors, such as influent flow, plant factor, planting soil thickness, infiltration rate of artificial filler, and ponding depth. The stepwise regression method in the SPSS software was utilized to establish the model. 
… where Y is the water reduction rate, X 1 is the influent flow, X 2 was plant factor, X 3 is the infiltration rate of artificial filler, X 4 is ponding depth, and X 5 is planting soil thickness. Deterministic coefficient (Nash-suttcliffe simulation efficiency coefficient) [28] was chosen to verify the simulation results. Nash-suttcliffe simulation efficiency coefficient (Ens) was calculated as follows: Note: y is water reduction, x is plant factor and R 2 is the correlation coefficient. Table 5 . Estimation of media composition, ponding depth, and water reduction. Note: y is water reduction and R 2 is the correlation coefficient; x is media factor in groups A, B, E and F, while, x is ponding depth in group D. (5) …where Q 0 is the measured value, Q p is the simulated value, Q avg is the average value of measured data, and n is the total number of measured data.
The calculated results were obtained as follows: Ens of simulation was 0.8582; and Ens of verifying was 0.8324. The comparison of simulated and measured values of water reduction rate in the stepwise regression model and the residual analysis of water reduction was shown in Fig. 9 .
As shown in Fig. 9 -a, the differences were small between the simulated and measured values in the model. Combined with the deterministic coefficient, the Ens values of the simulated and tested were relatively close to 0.85, indicating that the simulated equation was an appropriate and reasonable choice. Fig. 9-b shows that the residual values fluctuate generally between ±10, and the values were comparatively concentrated near zero, indicating that the simulated value was close to the measured values. Error analysis was carried out by tracking the points with larger residuals:
1) The simulated values of D group were substantially higher than that of the measured value. This phenomenon was primarily due to the shredded newspaper in group D (preparation for the related water quality test). The shredded newspaper embedded in advance may affect the normal infiltration and indirectly change the original permeability of media composition. As a result, permeability decreased, thereby altering water reduction.
2) Some residuals were found in the small inflow experiment. This was on account that the small magnitude runoff process was carried out at the initial period of the experiment, and the stability of the system might have difficulty in meeting the requirements at the initial operation process. Therefore, some residual errors were caused by system errors.
Conclusions
Water reduction in the bio-swale will increase as inflow increases; the order of vegetation improving bioswale water reduction tends to be same with the order of its plant factor: border privet and Ophiopogon japonicus > boxwood and ryegrass > glossy privet and Chlorophytum comosum 'Variegatum' > no plant. The water reduction rate in the bio-swale column increases dramatically with the decrease of planting soil thickness, and no significant change occurs once the thickness of the artificial filler layer alters. The order of water reduction improvement among experiment column, which was filled with different artificial filler, was: sand > slag > mixture of sand and slag > planting soil > mixture of coal ash and sand factor, and it showed the same tendency with its infiltration rate. Water reduction rate decreases with the increase in the ponding depth. Column studies have posited that bio-swales would show better water reduction, which was planted vegetations with strong transpiration intensity, filled with high permeability artificial fillers with lower planting soil thickness and without ponding depth at the bottom under smaller inflow. Curve analysis was conducted on the relationship between water reductions rate and influencing factors, such as the influent flow, vegetation conditions, planting soil thickness, artificial filler combinations, and ponding depth. The results show that a linear relationship existed between the various factors mentioned above and the water reduction rate of the bio-swale column. Water reduction rate is linearly reduced as influent flow, soil thickness, and ponding depth increase. Vegetation conditions and the infiltration rate of artificial filler grow linearly with the increase in water reduction rate. In addition, using SPSS software based on stepwise regression model, the statistical relationship between factors and water quantity reductions was analyzed, combined with the experiment results. 
